The solar photovoltaic (PV) market has grown very rapidly throughout the past 15 years and is quickly becoming an international, non-subsidized market with increased demand for performance certainty. An increasing number of studies analyze long-term monitoring data to determine degradation rates, or "rates of change" (RoCs). Analyses of long-term monitoring data give insight in the performance of PV power plants over time, but are found to be sensitive to uncertainties, especially those related to irradiance measurements using silicon reference cells. The case study analysis shows, however, that the RoCs are much lower if reference cells are adjusted for soiling, drifting and sensor replacements or if satellite irradiance data is used. This indicates that the impact of biased irradiance data should not be underestimated. It was also found, that the distribution of RoCs is strongly influenced by the age and size of the selected systems, underlining the importance of system selection. The case study analysis indicates that crystalline silicon PV systems operating for 8+ years are expected to show a "rate of change" of −0.5% per year or fewer. In this paper the 15-minute data has been collected from a solar photovoltaic generating station installed on the roof of engineering college building and efficiency/degradation of solar panels have been analyzed and reported.
Introduction
The conversion of sunlight to electricity takes place within the solar cells. Crystalline silicon semiconductor is manufactured by a silicon purification process, ingot fabrication, wafer slicing, etching and doping which finally forms a PNP junction that traps photons, resulting in the release of electrons within the junction barrier, thereby creating a current flow. This cell has efficiency in the range of 11% -18%. This cell is also very stable in chemical structure and is very durable. The advantage of this cell is its efficiency, more than other product but the price is quite high because it was creating from pure silicon material. Solar cells do not degrade easily if they are made from crystalline silicon [1] [2] . The robust design of solar modules combined with the absence of moving parts makes solar modules also very durable. However, modules seem to experience some degradation over time. The degradation will differ from cell to cell, module to module, etc., hence it is more useful to talk about a population of degrading modules than of the degradation of an entire system. Most causes for performance loss can be associated with the module package but some degradation of the semiconductor device cannot be excluded [3] [4] [5] . Potential induced degradation (PID) can reduce the efficiency of a PV module. This article provides insights on PID, including how this degradation process develops, the conditions that make PV systems prone to it, its effects and the methods to correct or prevent it. PID is a process that occurs in PV cells when the system has a negative potential relative to the ground. Although it is a relatively new concept and is not widely understood, techniques already exist to minimize its undesirable effects. The prevention of these adverse effects mainly involves changes in the material used and the system design. However, for systems already affected by PID or for those susceptible to it, a device has been developed that reverses the polarity of the array, forcing the negative charge out of the module. In the past five years, the global solar PV capacity has grown at the average rate of over 50% a year. In addition, as module and associated costs have decreased, PV systems and solar farms have become larger. Over this period, a considerable number of reports amongst the solar community have emerged about unexplained power losses. Eventually, the cause of these was identified as PID. The explanation is simple: for these large installations, a large number of solar modules are required. Once the modules are connected in series, the systems operate at a high voltage. These are the conditions in which PID can occur. It is now realized that the environment, module material and system design are also related to the degradation process [6] [7] [8] [9] (Figures 1-3 ).
When a PV system operates at high voltage, i.e., >1000 V, a considerable potential difference is established between the solar cell and the frame. This means that an electrical difference builds up between the system and ground, as the frame is earthed for safety reasons. If the potential is negative (that is, the cell has more electrons relative to the ground), it creates a current that flows from the module frame to the PV cells, known as a leakage current. If the local short circuit occurred within only a single p-n junction, it would not be a problem. However, it happens in multiple p-n junctions. This reduces the maximum power point and the open circuit voltage, which in turn reduces the total string voltage. As a consequence, the inverter switches on later in the morning than it should because the solar array needs more radiation to reach the inverter's minimum voltage [10] [11] [12] . The inverter also switches off earlier in the evening, as the system voltage drops rapidly with the day's decreasing irradiance. PID also affects the output current because, as the leakage currents between the cells and the frame become greater, the output current reduces, which results in a bigger output loss. Once PID has affected the array, the modules become increasingly less effective and a loss of up to 70% can be measured. PID is caused by leakage currents created by the potential difference between the ground and the PV cells. Any factor that increases these leakage currents or the electrical potential (even indirectly) contributes to PID. This, therefore, also deserves attention. Contributing factors can be broken down into the three following areas: environmental, material and system design. It is important to note that these factors affect every installation and are considered to have the greatest impact on PID. The two principal environmental characteristics that affect how much leakage current will flow through the module are humidity and temperature. As the PV system is exposed to higher levels of relative humidity, water vapor penetrates the system and makes it more conductive. The sodium ions can move more easily inside the material, and more positive charge is accumulated on the top of the solar cell. As a consequence, leakage current intensifies and PID increases [13] [14] [15] [16] . A PV system is composed of many different elements. The qualities and properties of each one can determine how prone the cell is to PID. The main components of a module that influence degradation are the anti-reflective coating, the glass and the encapsulating material. The anti-reflective coating helps to increase the amount of light captured by the solar cell, which results in higher currents. However, depending on its thickness, refractive index and coating homogeneity, the anti-reflective coating affects PID in different ways. For example, the widely used anti-reflective coating silicon nitride (SiN) can accelerate the PID process when its layers accumulate highly mobile sodium ions [17] [18] . Researchers have shown that some types of glass are more susceptible to increased leakage currents than others. This is because certain glasses have high concentrations of sodium that can be released when the glass is exposed to moisture or high temperatures. Using a type of glass with less sodium (for example, quartz instead of soda-lime) can potentially reduce the PID susceptibility. Since humidity increases the conductivity of the PV system, how permeable the encapsulating material is also plays a crucial part in PID susceptibility. PID occurs when the system has a negative potential relative to the ground. A simple solution is to ground the negative pole of the array and make the system operate only in a positive potential, a process known as functional earthling. Excluding the case where the cell suffers electro-corrosion, this method works well. However, in the past few years, transformer less or non-isolated inverter technologies have been widely adopted, and these do not allow for functional earthling of the array. Another possible solution is to install a PV-offset box. During the night, this device applies a positive potential to the system, discharging any particles and reversing the polarization effect [19] [20] [21] . Figure  1 , Figure 2 and Figure 3 show the monocrystalline, polycrystalline and Cadmium Telluride solar modules installed on the roof top of engineering building.
Degradation Analysis
The solar plant comprises of 20 numbers of solar panel, of cumulative capacity of 2 kW and a weather station. (Table 1 & Table 2 
Results and Conclusion
The payback time is usually 20 -25 years, from the efficiency calculation of the panels; it has been shown that, the efficiency of the panel decreases as the life of panel increases. The efficiency of the panel also depends on pollution, particulate material (PM) accumulated on the surface; the efficiency generally reduces by ii) In September 2015, the efficiency varies between 9.76% to 10.8% which corresponds to different values of irradiance and temperature. iii) From the efficiency calculation of the panels; it has been shown that, the efficiency of the panel decreases as the life of panel increases. The payback time is usually 20 -25 years. iv) The efficiency of the panel also depends on pollution, particulate material (PM) accumulated on the surface; the efficiency generally reduces by 17% -25% annually due to pollutants and PM. v) The rate of degradation varies between 0.55 -0.95 percent per year.
